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Abstract. Using Lactobacillus acidophilus stains is a challenge in producing lactic acid 
fermented vegetable and fruit juices. There were analysed the correlation between the most important 
physico-chemical parameters of the substrate and the bacterial biomass accumulation in two vegetable 
and fruit juices. The data were collected during a 48 hour lactic acid fermentation using usually 
chemical and microbiological methods. There was analysed the correlation between the reducing sugar 
content and the lactic acid production, the correlation between the pH and lactic acid production, the 
correlation between the reducing sugar of the substrate and the microbial biomass accumulation and 
also between the lactic acid production and biomass accumulation. These correlations were analysed 
using simple regression on scatter plots. They were best fitted by the polynomial equation where the 
highest R2 were calculated. The two last correlations had large differences between the two 
experimental batches so that regression is not satisfactory to describe them. If all parameters were 
considered using the multiple regression, the correlation had a medium value because the cell 
multiplication of the bacteria Lactobacillus acidophilus in vegetable and fruit juices is influenced by 
many other environmental parameters. These had a large influence because juices are not the natural 
medium for this kind of lactic acid bacteria. 
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INTRODUCTION 
 
Functional foods came and come into the market; lactic acid bacteria play an 
important role in this trend (Daly et al., 1998). Lactic acid bacteria (LAB) are traditionally 
used as starter cultures for the fermentation of foods and beverages. They possess several 
interesting properties of great economic importance, such as lactose utilization, proteinase 
activity, production of aromatic compounds, bacteriophage defense mechanisms and 
bacteriocin production (Zamfir and Grosu-Tudor, 2009). 
More consumers become interested in the potential, health-promoting properties of 
functional foods. However, the industrial processors need to adapt their production processes 
and technologies, if they wish to use probiotics in a variety of food products (de Vuyst, 2000). 
Probiotics are useful bacteria, which after consumption, inhibit the harmful 
microorganisms in the intestines and leave useful effects on human health. The biological 
activity of probiotics is affected by various environmental factors each of which can influence 
the performance as well as the growth of probiotics for increasing the health of the consumers 
(Karim et al., 2009). 
The biological activity of probiotic bacteria is due in part to their ability to attach to 
enterocytes. This inhibits the binding of enteric pathogens by a process of competitive 
exclusion. Attachment of probiotic bacteria to cell surface receptors of enterocytes also 
initiates signalling events that result in the synthesis of cytokines. Probiotic bacteria also exert 
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an influence on commensal micro-organisms by the production of lactic acid and bacteriocins. 
These substances inhibit growth of pathogens and also alter the ecological balance of enteric 
commensals. (Kailasapathy and Chin, 2000). 
On the other hand, putative risks of massive introduction of new live microorganisms 
in nutrition should also be envisaged, even if benefits were proven. The Lactic Acid Bacteria 
Industrial Platform (LABIP) hosted a workshop sponsored by the European Community to 
discuss these topics (Guarner and Schaafsma, 1998).  
Probiotic lactic acid bacterium strains claimed to be present in the product should 
remain viable in sufficiently high numbers and retain their metabolic activities even beyond 
the expiry date of the product (de Vuyst, 2000). In Europe, neither a legal definition nor 
specific regulations governing probiotic foods exist (Coeuret et al., 2004). The standard for 
some foods with healthy claims for the probiotics addition is a miniumum content by 106 – 107 
CFU alive probiotic bacteria/g (www.fao.org.). 
Starter cultures to be used for a certain functional property (for instance bacteriocin 
production and exopolysaccharide production), as well as probiotics (possessing several 
health-promoting properties), should be adapted to the fermentable substrate, the food matrix 
(milk, meat, cereals), etc. In addition, the end-product must have an acceptable shelf-life and 
the desired sensorial properties such as colour, taste, aroma, and texture (de Vuyst, 2000). 
Lactobacillus acidophilus, which has predominantly been used in the past two decades 
in producing probiotic foods (Huebner and Wehling, 2007; Saarela et al., 2000). 
Lactobacillus acidophilus is a lactic acid bacteria with high acid resistance that can 
provide probiotic quality if used in obtaining lactic acid fermented products (Saito, 2004). 
The species of L. acidophilus group are distinguished by their antimicrobial properties 
through the formation of metabolits with a biopreservative effect, such as lactic acid > 85%, 
hydrogen peroxide and bacteriocins. Strains belonging to different species shows variables 
and specific biochemical properties (Costin, C.G. et al., 2005). 
Its use in obtaining soft drinks from vegetable, fruit or cocktails of vegetables and fruit 
juices is a challenge because the environmental conditions are different from that usually 
provided by the natural media for this kind of bacteria, respective the human intestine.   
Vegetables belong to the group of protective foods. The most important reasons for 
their use in human nutrition are as follows: attainment of good health condition, prevention of 
a series of diseases, attainment of balanced nutrition, rich and inexpensive source of vitamins, 
minerals and carbohydrates. Vegetable juices are more easily assimilated in an organism than 
fresh vegetables, as the squeezing process destroys the fiber structure and releases bound 
phytonutrients (Rakin et al., 2004). 
Thanks to the presence of carbohydrates, vegetable juices are suitable substrates for 
lactic-acid fermentation (Rakin et al., 2007). Through fermentation, these juices are preserved 
and protective and nutritive properties of the products are improved (Campbell Plat, 1994). 
For the evaluation of the results of the chemical and sensory (taste) analyses of these 
juices the multivariate statistical methods were applied (Karovičová and Kohajdová, 2002).  
The use of statistical methods of experimental design represents an effective approach 
to identify the most significant factors regarding the quality of products (Kohajdová and 
Karovičová, 2005). Multivariate statistical methods are an important tool for identifying of 
analytical and sensory attributes of products (Castell-Palou, Á. et al., 2010). Principal 
component analysis is a useful technique in exploratory data analysis and has been widely 
employed in research into dairy products. This method reduces the number of original 
variables into a fewer number of unobservable variables (principal components) that are linear 
combinations of the original ones (Borgognone et al., 2001). Through these statistical analysis 
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data interpretation is simplified, relationships between different variables may be investigated 
and the most important factor of variability in data can be detected (Frau et al., 1999). 
 The aim of this study is to analyze the correlation existing between different substrate 
parameter offered by cocktails of vegetable and fruit juices on the growth and metabolic 
activity of the bacteria Lactobacillus acidophilus.  
 
MATERIALS AND METHODS 
 
A lyophilized pure culture strain LA-5 of Lactobacillus acidophyllus Christian Hansen 
was used to perform the lactic acid fermentation of two vegetable/fruit cocktail juices, C1 – 
carrot : apple [3:1] and respectively C2 – carrot : celery : apple (6:1:2). The growing substrate 
for the bacteria was provided by extracting the juice from fresh vegetables and fruits bought 
from the free vegetable market of the Dambovita County (Romania). The row material was 
processed by washing, scrubbing and removing non-edible pieces and then transforming into 
juices with a domestic juice maker. The epiphytic microorganisms of the juice was removed 
by a thermal treatment at 80oC/10min.  
0.2 g/l pure culture of bacteria was inoculated under a vigorous stirring in the heated 
juice, previously cooled at 40oC. 100ml inoculated juice, from each experimental batch, was 
distributed, in two sterile tubes. The lactic acid fermentation was performed in a thermostat at 
37oC during 48h in anaerobiosis assured by cotton stopper and metal folia that covered each 
tube.  
The analyses of the indicating physico-chemical and microbiological parameters were 
made during the lactic acid fermentation process at 2, 4, 6, 8, 24, and 48 h.  
The pH was measured with a HACH pH-meter. Reducing sugars were analyzed using 
the spectrophotometrical method with 3,5-dinitrosalicilic acid (DNS) after defecation with 
basic lead acetate and the results were expressed as g glucose/100ml. Titrable acidity, 
expressed as g lactic acid/100ml, was determined by titration with NaOH 0.1N in presence of 
phenolphthalein. The microorganisms were counted on MRS plates after incubation at 
37oC/48h, and expressed as [log CFU/ml].  
The Microsoft Excel computer application was used to process the data. To evaluate 
the correlations between the physico-chemical parameters of the substrate and the microbial 
growth and their metabolic activity first there were made scatter plots. Than there was 
analysed the best regression equation that described the correlation between the input data and 
output data. There were analyzed the simple regression between, reducing sugar content of the 
substrate/lactic acid production, pH/total acidity of the substrate, reducing sugar of the 
substrate/microbial biomass accumulation,  lactic acid production/biomass accumulation. 
Next the correlation coefficient for each case was calculated. Finally the multiple regression 
between all substrate parameters and the growth of the bacteria was analysed.  
  
RESULTS AND DISCUSSION 
 
 The correlation between the reducing sugar content of the substrate and the lactic 
acid production shows the reducing sugar biodisponibility of the juice as substrate for the 
metabolic activity of the microorganisms. Lactic acid bacteria like Lactobacillus acidophylus 
use sugar, most glucose, to produce energy by lactic acid fermentation. After this process, 
there results as by product lactic acid in the environment and a different amount of other acids 
like acetic acid. Lactobacillus acidophilus being a homofermentative lactic acid bacteria, a 
small amount of other acids are expected to be produced after fermentation. 
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The experimental batch C1, which luck in celery juice, started with a reducing sugar 
content of 5.57g glucose/100ml and reached after 48 hours of lactic acid fermentation to 
4.36g glucose/100ml. The addition of celery in C2 modified the initial substrate reducing 
sugar content in a sense of decreasing this parameter to 3.6g glucose/100ml. The bacteria 
metabolized this quantity during the 48 hours of fermentation until 1.6g/100ml. The 
corresponding lactic acid accumulation after 48 hours was 0.96g/100ml in C1 and 
0.891g/100ml in C2. The start amount was rather similar 0.198g/100ml in C1 and 
0.18g/100ml in C2. 
The correlation between the reducing sugar content and the lactic acid accumulation 
by fermentation is presented in Fig.1.  
 Note. x-axis: g glucose/100ml; y-axis: g lactic acid/100ml  
 
Fig.1 The correlation between the reducing sugar content and the lactic acid accumulation 
 
The correlation of these 2 parameters is best described by a polynomial regression 
equation. This equation allowed a R2 higher than 0.94. In the case of using a linear regression 
the R2 was most 0.67. The correlation coefficient was 0.82 for C1 and 0.78 for C2.  
These results of the mathematic interpretation shows that the sugar content has not a 
100% biodisponibility for the lactic acid bacteria and/or there are produced also other acid by 
fermentation.   
The correlation between the pH and lactic acid production shows the influence of the 
acids existing in the fermentation environment on the metabolic activity of the bacteria and 
also if there was an accumulation of other acids after fermentation.  
At the beginning of fermentation, the pH was 5.03 in C1 and 5.2 in C2. The higher pH 
of C2 was maybe induced by the presence of celery. The acidity of the two experimental 
batches was opposite higher in C1 (0.198g lactic acid/100ml) than in C2 (0.18g lactic 
acid/100ml). These differences are not significant. 
The correlation between the pH value and total acidity of the substrate during 
fermentation is presented in Fig.2.  
 This correlation is also best described by polynomial regression equation, where the 
R2 was higher than 0.97. There was not a large difference between the two analysed batches. 
The linear regression had R2 between 0.85 (C1) and 0.86 (C2). The correlation coefficient 
was 0.92 for C1 and 0.93 for C2.  
These correlation results show that, as expected, there is produced a rather low amount 
of other acids during the lactic acid fermentation performed by Lactobacillus acidophilus.  
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 Note. x-axis: pH; y-axis: g lactic acid/100ml  
 
Fig.2. The correlation between the pH value and the total acidity of the substrate 
 
The correlation between the reducing sugar content of the substrate and the 
microbial biomass accumulation, shows haw the bacteria Lactobacillus acidophilus use the 
reducing sugar content disposable in the juices to produce energy used for cell multiplication 
and biomass accumulation.  
The two batches of cocktail juice had an initial different reducing sugar content, 
respectively 5.57 g glucose/100ml C1 and 3.6g glucose/100ml C2. The microbial amount 
added as inoculum vary also with 2 orders being 28.1x1011CFU/ml in C1 and 14.4x109 
CFU/ml in C2. The higher amount of bacteria had disposable a higher amount of reducing 
sugar for cellular growth.  At the end of fermentation, after 48 hour, the biomass 
accumulation was similar in the two batches 22x1010 CFU/ml in C1 and 56x1010 CFU/ml in 
C2, but the glucose consumption was very different until 4.36g/100ml in C1 and 1.6 g/100ml 
in C2. If in C2 there was counted a biomass increase with one order, in C2 there was a 
decrease with one order after the 48 hours of fermentation.  
These preliminary observations are in accordance with the correlation output of the 
mathematical model presented in Fig.3 
Note. x-axis: g glucose/100ml; y-axis: CFU Lactobacillus acidophilus/ml 
 
Fig.3 The correlation between the reducing sugar content of the substrate and the biomass accumulation during 
lactic acid fermentation of Lactobacillus acidophilus  
 
 This correlation of these two parameters is very low as described by a linear and even 
by a polynomial regression. The R2 is most 0.08 in the case of a linear regression and most 
0.47 in the case of a polynomial regression. There was counted also a large difference 
between the R2 of the polynomial regression in C1 where R2=0.47 and C2 where R2=0.14. 
The correlation coefficient is 0.28 for C1 and 0.21 for C2. 
 These results show that the bacterial biomass accumulation by using the sugar 
substrate in the lactic acid fermentation metabolic process is not the only one that had a major 
influence on the bacterial growth. There can be counted large differences from an 
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experimental batch to the other so that a classic mathematical model like regression is not 
satisfactory to describe it. 
 
  The correlation between the lactic acid production and biomass accumulation, 
shows how the bacteria Lactobacillus acidophilus uses the disposable reducing sugar content 
of the substrate to produce energy for multiplication at one hand and the final product – lactic 
acid on the  other hand.  
 Starting from a total acidity of 0.198g lactic acid/100ml in C1 and 0.18g lactic 
acid/100ml in C2 there was obtained at the end of the fermentation process an accumulation 
until 0.96g lactic acid/100ml in C1 and 0.891g lactic acid/100ml in C2. The biomass 
accumulation was as described above. 
 The correlation between the lactic acid production and the biomass accumulation in 
the cocktail juices during lactic acid fermentation with Lactobacillus acidophilus is presented 
in Fig. 4. 
Note. x-axis: g glucose/100ml; y-axis: CFU Lactobacillus acidophilus/ml 
  
Fig. 4.The correlation between the lactic acid production and the biomass accumulation  
 
 The correlation of these two parameters is also low described by a linear regression 
equation because R2=0.42 for C1 and only R2=0.01 for C2. The polynomial regression gave a 
good correlation model for the C1 batch where R2=0.93, but a very low one for butch C2 
where R2=0.03.  
For this correlation, the mathematical modeling show a very large difference between 
the two experimental batches. C1 had an expected behavior. The linear correlation is rather 
low, but the correlation follows a polynomial behavior. Even in this batch no biomass 
accumulation was counted, the biomass amount decrease during the fermentation process with 
one order.  C2 had a very strange behavior and no regression can describe its correlation. 
There was counted even an accumulation of lactic acid but also a biomass accumulation of 
one order of CFU/ml. The correlation coefficient followed the same expression being 0.65 for 
C1 and 0.12 for C2.  
 
The correlation between all analysed substrate parameters and the bacterial biomass 
accumulation try to express the interdependence between these parameters and their 
influence on the bacterial metabolism. 
The output of the multiple regression, performed with the Lotus 1-2-3 user of the 
Microsoft Excel application, is presented in Tab. 1. 
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Tab. 1 
The multiple regression output 
 
Multiple regression parameters Regression output 
 C1 C2 
Constant  20,19349   128,13  
Std Err of Y Estimation  0,396125   1,160492  
R Squared  0,692719   0,813974  
Number of Observations  7   7  
Degrees of Freedom  3   3  
X Coefficient(s) -2,2428 0,730494 -3,6549 -22,6778 4,690263 -34,2902 
Standard Error of Coefficients 2,852106 2,087721 2,130036 7,266733 2,070494 10,76105 
 
CONCLUSIONS 
 
The cocktail juices obtained from carrots, celery and apples represent suitable and 
alternative food matrices for the production of probiotic products with Lactobacillus 
acidophilus LA-5 strain. This one proved a relative good growth capacity in the juices 
without nutrients added, this being a guarantee on the one hand for the normal dynamics of 
the lactic acid fermentation and on the other hand for the stability of the final products. 
Further, the viability of Lactobacillus acidophilus is essential for the probiotic quality 
of the fermented juices. In the analyzed cases the minimum of 106 - 107 viable bacteria per 
gram - that represent the international standard claiming health benefits for the fermented 
products (www.fao.org) - was reached. It be necessary that this minimum to be respected at 
the time of storage until the purchase by the consumer. 
Using regression for mathematic modeling of the correlations between the most 
important physico-chemical parameters of the substrate and the bacterial biomass 
accumulation there was pointed out that the bacterial growth had a dependence that could best 
be described by a polynomial equation.  
If all parameters were considered, the correlation had a medium value because the cell 
multiplication of the bacteria Lactobacillus acidophilus in vegetable and fruit juices is 
influenced by many other environmental parameters. These had a large influence because 
juices are not the natural medium for this kind of lactic acid bacteria. 
Other types of correlations - especially considering the differences between the values 
of the parameters at different moment of times - must be applied. 
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